The effects of cortisol, ACTH, adrenalin and insulin on indices of carbohydrate, fat and protein metabolism were investigated in the conscious marsupial sugar glider Petaurus breviceps. 
. This is also the case for the marsupial sugar glider Petaurus breviceps where cortisol accounts for over 90% of the plasma corticosteroid and where approximately 10% of the total plasma cortisol is free and biologically active (authors, unpublished data) . This is consistent with most available evidence from studies on eutherian mammals (Ballard, 1979; Tait, 1982) .
The common response of eutherian mammals to the administration of glucocorticoid hormones is an increase in both hepatic glucogenesis and glycogeno¬ lysis, together with a mobilization of fat and protein and an inhibition of the peripheral uptake of glucose (Long, Katzin & Fry, 1940; Munck & Koritz, 1962) . While all eutherian mammals respond, the relative potency of the glucocorticoids does vary between species. Glucocorticoid hormone administration readily causes hyperglycaemia, glycosuria and an increase in urinary nitrogen in the rat and rabbit but not in the dog or man (Abelove & Paschkis, 1954; West, 1960; Campbell & Rastogi, 1968) . Studies using eutherian mammals have shown that hypoglycaemia induced by insulin is associated with a stimulation of the adrenocortical axis (Bliss, Migeon, Eik-Nes et al. 1954 ; Daniels & Espiner, 1975) and this response is used in assessment of adrenocorticotrophin (ACTH) secretion. There is evidence that the ACTH stimu¬ lation is sensitive to both the rate of change of and the absolute plasma glucocorticoid concentration (Landon, Wynn & James, 1963; Matsui & Plager, 1966; Keller-Wood, Shinsako, Keil & Dallman, 1981) and that adaptation to insulin and prior stress may modify the response to ACTH (Kraicer & Logothetopoules, 1963; Keller-Wood, Shinsako & Dallman, 1983a) .
Various studies have shown that this hypoglycaemic effect of insulin may be inhibited by the presence of adrenocortical steroids (Grattan, Jenson & Ingle, 1941; DeBodo & Sinkoff, 1953) . The anti-insulin action of adrenocortical hormones is considered to result from a mobilization of glycogen reserves, increased gluconeogenesis and inhibition of peripheral glucose utilization (DeBodo & Altszuler, 1958; Cahill, 1971 (Griffiths, Mclntosh & Leckie, 1969 (Janssens & Hinds, 1981) . However, because of the increase in nitrogen intake during this study it is poss¬ ible that there was no net nitrogen loss. In marked contrast with the response shown in most macropodid marsupials to glucocorticoids, an investigation by Anderson (1937) suggested that the metabolic effects of adrenocortical hormones in the brush-tailed possum might more closely resemble the eutherian response pattern. This was confirmed in the elegant studies of Than & McDonald (1974a,¿>) Bovine insulin (100IU/ml; Commonwealth Serum Laboratories, Melbourne, Victoria, Australia) was injected i.v. through the jugular cannula at time 0 as a single pulse at a dose of 015 IU/kg in 0-5 ml 0-9% (w/v) NaCl.
Cortisol sodium succinate (50 mg/ml; Solu-Cortef; Upjohn, Kalamazoo, MI, U.S.A.) was injected into the thigh muscle daily for 5 days at a dose of 10 mg/ kg between 09.00 and 10.00 h daily. 'Post cortisol' experimental infusions were commenced 24 h after the last cortisol injection. Glucose was infused through one channel of a dual lumen catheter into the vena cava at a rate of 2-5mg/min for 60 min as a 10% solution in 0-9% (w/v) NaCl.
The effect of i.v. infusion of saline (normal) or saline (10% ethanolic) alone was examined in six animals which were infused from -30 to + 60 min. In three of these saline-treated controls a further 0-5 ml saline was slowly injected through the i.v. cannula at time 0 min as a control for the insulin injection.
The control sequences were thus: saline infusionsaline infusion (five animals); saline infusion-10% ethanolic saline infusion (three animals); saline infusion-saline injection plus saline infusion (three animals); and cortisol pre-treatment-saline infusionsaline injection plus saline infusion (two animals).
The experimental sequences were: saline infusion-ACTH infusion (six animals); saline infusion-cortisol infusion (five animals); saline infusion-adrenalin infusion (five animals); saline infusion-insulin injec¬ tion plus saline infusion (six animals); saline infusioninsulin injection plus glucose infusion (three animals); and cortisol pretreatment-saline infusion-insulin injection plus saline infusion (three animals).
Cortisol assay
Plasma samples of 30-40 pi were extracted using 10 vol. dichloromethane, and cortisol was separated chromatographically as described by Bradley (1987) . The plasma cortisol concentration was determined by specific radioimmunoassay using an antiserum raised in rabbits to cortisol-3-O-carboxymethyloxime : bovine serum albumin (Bradley, 1990) . The sensitivity of this assay at a titre of 1:6000 was 0-03 pmol while intraassay and interassay variability were 6-8 and 6-9% respectively. The cross-reactivity with corticosterone was 10-4% while the affinity constant for cortisol at 4°C was 4-2 litres/nmol. Plasma free cortisol was deter¬ mined using methods described previously (Bradley, 1987) .
Maximum cortisol binding capacity The concentration of cortisol binding globulin binding sites or maximum cortisol binding capacity (MCBC) of the plasma was determined by a gel fil¬ tration method using 30 pi charcoal-stripped plasma samples (Bradley, 1987 (Sachs, 1984 Fig. 1 .
Infusion of cortisol at the lowest dose of 0-02 mg/kg caused a significant (P<0-05) rise in plasma glucose concentration from 4-4 + 0-3 to 5-5 ±0-6 mmol/1 within 45 min of the commencement of the infusion.
Glucose concentration continued to rise, reaching a maximum of 6-2 ±0-2 mmol/1 ( <0 01) at 60 min which corresponded with the end of the cortisol infusion. Thereafter, it continued to decline to a value of 4-6 + 0-4 mmol/1 at 2-5 h which did not differ signifi¬ cantly from the initial value. At both the higher doses (0-2 and 1-0 mg/kg) the increase in plasma glucose concentration was more rapid and, in the case of the highest dose rate, a maximum glucose value of 8-5 + 0-5 mmol/1 (P<0-001) was not achieved until 15 min after the cortisol infusion ceased. Following cortisol infusion at the higher dose rates, recovery to the preinfusion plasma glucose concentration was slower. Plasma amino acid and urea concentrations did not alter significantly during the experimental procedure, remaining within the ranges 3-6-4-2 mmol/1 and 3T1-3-49 mmol/1 respectively. Plasma FFA con¬ centrations in the animals given cortisol at a dose of 1 mg/kg rose slowly during the experimental period from a preinfusion concentration range of 0-55 to 0-59 mmol/1 to reach 0-66 mmol/1 after 45 min, but the rise was not significant. Before cortisol pretreatment the plasma FFA con¬ centration was 0-6 + 0-1 mmol/1 and insulin injection caused an increase to 10±01 mmol/1 (P<005) but the concentration then decreased to reach 0-7 + 01 mmol/1 after 150 min. After cortisol pretreatment the basal FFA concentration had increased to 0-9 + 0-1 mmol/1 (P<005) and following insulin injec¬ tion increased further to reach 1-2 ±01 mmol/1 (P<001) at 45 min. At the conclusion of the exper¬ iment after 180 min, the FFA concentration was 1 ± 01 mmol/1 which was not significantly different from the preinsulin value or the saline-infused, cortisol pretreated control value.
Although cortisol pretreatment caused a significant (P<0-01) increase in the plasma amino acid concen¬ tration in the controls from a value of 41 ±0-4 mmol/1 before treatment to 5-8±0-3 mmol/1 after treatment, insulin injection did not cause a significant change in Fig. 4) . Following insulin injection in the cortisol pretreated animals there was a slight but insignificant increase in the plasma urea concentration (not shown in Fig. 4 ). The rather profound hypoglycaemic effect of insulin was not accompanied by any apparent distress in any of the animals used in these experiments. Than & McDonald ( 191Ab) to occur in Trichosurus vulpécula. As is the case with eutherian mammals (Cahill, 1971) and as suggested by Than & McDonald (1974Ò) (Than & McDonald, 191 Ab) and is consistent with a mobilization of depot fat which has been shown to occur in the rabbit and rat (Di Girolamo, Rudman, Reid & Seidman, 1961; Hollenberg, Raben & Astwood, 1961) . Furthermore, the response is con¬ sistent with the proposal of Cahill (1971) that cortisol affects fat metabolism only by enhancing the actions of lipolytic hormones. Both the basal and stimulated FFA concentrations found in this study are consider¬ ably lower than those reported for Trichosurus (Than & McDonald, 1974Ò) . This difference may relate to diet since the natural food of Petaurus breviceps has a high carbohydrate content and consists of Acacia gum, eucalypt sap, manna, honeydew and insects (Smith, 1982) , whereas Trichosurus vulpécula is an arboreal folivore and a hindgut fermenter (Hume & Warner, 1980 (Smith, 1982) as discussed previously. The response of the plasma glucocorticoids in the sugar glider is consistent with the notion that the ACTH response to insulin administration is secondary to, and in part a consequence of, the hypoglycaemia which has been shown for the brush-tailed possum (Than & McDonald, 1974a) . Evidence for this is provided in the present study by the almost total abolition of the rise in plasma glucocorticoid concentration when glucose was infused after insulin injection. This exper¬ imental regime has been shown previously to abolish the ACTH rise following insulin-induced hypoglycaemia in the rat (Plotsky, Bruhn & Vale, 1985) and dog (KellerWood, Wade, Shinsako et al. 19836) . Recent studies by Tozawa, Suda, Yamada et al. (1988) using the rat have shown that while insulin-induced hypoglycaemia stimulates both secretion and synthesis of ACTH by increasing pro-opiomelanocortin mRNA levels in the anterior pituitary, the concentrations of these remain unaltered in both the hypothalamus and the inter¬ mediate posterior pituitary gland. Further studies are necessary using marsupials such as the sugar glider and the brush-tailed possum to identify regulatory factors which may be of hypothalamic, neurohypophysial or peripheral origin.
It is of particular interest that no hypoglycaemic con¬ vulsions ensued following insulin administration in the sugar glider. This tolerance of profound hypoglycaemia is not unusual among the Marsupialia and it has been reported in the quokka (Barker, 1961; McDonald & Bradshaw, 1981) , red kangaroo (Griffiths et al. 1969) and the brush-tailed possum (Than & McDonald, 1974a ).
An increase in plasma FFA concentration following insulin injection before cortisol pretreatment was also seen in the brush-tailed possum (Than & McDonald, 1974a) and as discussed previously is consistent with an ACTH-induced mobilization of depot fat. The increase in plasma ACTH concentration following insulin injec¬ tion must in this study, be inferred from the rise in the plasma glucocorticoid concentration. We have, how¬ ever, shown that the plasma FFA concentration does rise following ACTH infusion.
These findings confirm the conclusion that this species is highly sensitive to the metabolic actions of glucocorticoid hormones. Furthermore they establish the similarity in the interactive effects between insulin and glucocorticoids with those described for another marsupial, the brush-tailed possum. Marsupials may thus be grouped into one 
